Redox-linked protonation of cytochrome c oxidase: the effect of chloride bound to CuB.
The effect of bound Cl- on the redox-linked protonation of soluble beef heart cytochrome c oxidase (CcOX) has been investigated at pH 7.3-7.5 by multiwavelength stopped-flow spectroscopy, using phenol red as the pH indicator in an unbuffered medium. Reduction by Ru-II hexamine of the Cl-bound enzyme is associated with an overall apparent uptake of 1.40 +/- 0.21 H+/aa3, whereas 2.28 +/- 0.36 H+/aa3 is taken upon reduction of the Cl-free enzyme. Bound Cl- has no effect on the extent of H+ uptake coupled to heme a reduction (0.59 +/- 0.06 H+/aa3), but significantly decreases (by approximately 0.9 H+/aa3) the apparent stoichiometry of H+ uptake coupled to heme a3-Cu(B) reduction, by eliminating the net H+ uptake linked to Cu(B) reduction. To account for these results, we propose that, after the transfer of the first electron to the active site, reduction of Cu(B) is associated with Cl- dissociation, addition of a H+, and diffusion into the bulk (with subsequent dissociation) of HCl. In the physiologically competent Cl--free enzyme, an OH- likely bound to oxidized Cu(B) is protonated upon arrival of the first electron, and dissociates as H2O. The relevance of this finding to the understanding of the enzyme mechanism is discussed.